Introduction
T o investigate predator-prey relationships it is desirable to minimize or equalize both the searching activities of the predators and the escape responses of the prey. Certainly to make valid co~nparisons of the response of predators feeding on different prey it is necessary to control all non-nutritional factors that affect growth and development. Thesc difficulties can be largelv overcome by using dry powdered food. The predatory coccinellid ~o l e o n~e~i i l a llatrntulntfl lengi Timberlake was reared on dry powdcred ntmlphs and adults of the corn leaf aphid, Rhopalosiphum iwaidis (Fitch), and on various pollens (Smith 1960) .
Predatory species of coccinellids will eat rarious polIens in the laboratory, and in the field these and other species were found on pollenating plants that hilrbored few insect prey (Smith 1961) . Pollen is pl-obablv the most important of the non-animal foods eaten by these predators.
This paper records the effects of various food materials on several coccinellid species and the development of a synthetic diet using C. iwaculata as the experimental animal.
Experiments

General Materials and Methods
All the species of aphids used, except Acyrthosiphon pisum (Harr.) which was collected from alfalfa with a sweep net, were collected in the field by cutting the host plant and dropping it into paper bags. Within an hour after collection the nymphs and adult aphids were killed by freezing at -15" C. Aphids were separated from larger insects and debris by means of sieves, then crushed with a mortar and pestle. The crushed aphids were desiccated in a freeze drier and then ground to a powder of particles not larger than corn pollen, i.e. 90 microns. Later freeze drying was discontinued when it was found that drying at room temperature over calcium sulphate did not affect the growth-promoting properties of the aphids. However, coccinellids fed on A . pisum that were dried at 100" C. for one half hour failed to grow whereas they grew normally when this aphid was dried at 20" C. for long periods. The dried aphids were stored at about -15" C.
The adult coccinellids that were used to nrovide larvae for the ex~erilllents were fed on A. pisum or on diets containing ~i k o desiccated beef or livc'r. Firstand second-instar larvae of small specie:; were reared individuallv in glass cells, 6 mm. deep and 1.9 cm. in diameter, and the later stages and all' stages of large species were reared in petri dishes (Smith 1960) . Sufficient fond was placed on the floor of the cage so that the larvae always had an excess. A drop of drinking water was placed twice daily on the side wall of the cell for small larvae. Large larvae in petri dishes had a continuous supply of water in a dish. All experiments were done at 21.9 + 0.7" C . and about 65% R.H. A constant artificial light was used though natural light was admitted through the room windows.
T h e development and duration of each stage of the coccinellid larvae were recorded twice daily. The results were analysed by means of the F test and differences considered significant at the 1% level. Means and standard errors are given herein. Other materials and methods are described in context where appEcable in the following seven experiments. 
(i) T o Determine the Feeding Responses to Dry Aphids
(ii) T o Show the Deleterious Effect of A. fabae on C. maculata
Eighteen first-instar larvae of C. maculata were reared to the second ecdysis on dry A. pisum and then divided randomly into two equal-size groups; one was allowed to continue feeding on A. pisunz, the other was put on A. fabae exclusively.
C. lnaculata reached the third instar on A. pisum in 8.8 t 0.2 days. The larvae that were transferred to A. fabae died four days later, whereas those remaining on A. pisum became adults in 19.4 + 0.4 days. This strongly suggests that A. fabae is nutritionally inadequate for C. maczclata.
(iii) T o Compare the Effect of Previous Food on A. mali with and without Drinking Water
Unfed larvae of A. mali from the same egg masses were divided early in the first instar into two groups: one group of 15 larvae was given drinking water and the other group of 21 larvae was not. Other larvae from the same egg masses were divided similarly into two groups of at least 18 larvae each. One group was reared to the first ecdysis on R. maidis, and the other group was reared on A. pisum. Each group of these second instars was then subdivided equally and starved, but one lot received drinking water whereas the other did not. Additional groups were reared similarly to the second and third ecdysis on R. m i d i s and on A. pisum, and were subsequently starved and half of them given drinking water. There was no significant difference between the longevities of unfed firstinstar larvae with drinking water (2.8 + 0.3 days) and those without (2.5 * 0.2 days). But with the other instars drinking water increased the longevity of starving A. mali that had previously fed on R. m i d i s but not of those that had fed on A. pisum (Table 11) .
( i v ) T o Coml~are the Effects of Dried and Living Aphids on the G r o w t h of Coccinelfids
Larvae from the same egg masses of A. mali and of C. maculata were divided into two groups of at least 1 5 individuals. One group of each species was fed on dry A. pisum and the other on living aphids that were reared on broad bean, Vicia faba L. The coccinellid larvae were weighed each day until pupation, and the total time of development from first-instar larva to adult, the number that reached the adult stage, and the living weight of the adults were also recorded.
Results showed that A. mali required more time than C. maculata for development to the adult stage on both dry and living A. pisum, but there was no significant difference between the developmental times on the two foods within each species of coccinellid. With A. mali the duration was 20.0 -t 0.6 days on dry food and 20.0 2 0.7 days on living food; with C. maculata 16.4 2 0.3 and 17.5 2 0.5 days, respectively.
The growth curves (Fig. 1 ) for A. m l i show that living aphids were superior to dry aphids as food, especially during the last seven days, but, dry aphids were consistently better for growth of C. maculata.
Fourteen or 70% of the 20 A. mali that were reared on dry A. pisum became adults and averaged 35.9 2 2.6 mg. in weight. Nine or 60% of the 15 A. nzali reared on living A. pisum became adults and averaged 38.8 1.7 mg. For C. maculata on dry A. pisum results were 90% survival and adult weight of 12.0 ? 1.0 mg.; for 20 on living aphids, 30% and 8.5 + 0.3 mg., respectively.
( v ) T o Dete~mine the Effects of Lighst on C. maculata
From the same cgg masscs 20 first-instar larvae of C. maculata were divided into two equsl groups, one of which n.as reared in continuous artificial light and the other group in darkness. T h e dark-reared group was exposed to weak artificial light for nvn minutes each day during servicing. Both groups were fed dried A. pisrmx, which was provided as needed in 5.0-mg. lots. T h e total food intake v-as determiried by subtracting rhe food left, after removal of excrement, from the sum of ihe food lots given. T h e criteria used in this experiment to determine the effect of light were developmental time, dry weight of adult, and ifidices of relative food intake, of relative growth, and of food efficiency.
T o calculate the indices of relative food intake, of relative growth, and of food efficiency, it was necessary to record: the initial body weight of C. maculata, Wl; the final body weight, W 2 ; the total food intake, F; and the time interval, i.e. the duration of the test, T. The weights of the adult predators and the food aphid were measured in milligrams dry weight, and the time in days. However, the initial dry weight of the unfed first instar of C. maculata was calculated on the basis that it contained 74% of water. From these data were calculated the average weight of each individual, W = '/2 (W1 $-W 2 ) ; the weight increase, As no significant differences were found between the means of the criteria with regard to light exposure, the data may be combined. The developmental time of C. mircz~luta was 18.2 + 0.7 davs, the adult weight was 2.2 1 0.1 mg., the relative food intake was 0.40 t 0.01 mi. per day, the growth was 0.10 & 0.00 mg. per dav, and the food efficiencv was 0.70 k 0.01 mg.
( v i ) T o Compare the Effects of arz Aphid-Pollen Mixture with Each
Component Alone First-instar larvae from the same egg masses of C. maculata were divided into three groups. The first group of 24 larvae was fed on dry R. maidis, the second of 40 on corn pollen, Zen mnys L., and the third of 20 on a mixture of R. wzaidis and corn pollen ( 1 : 1 bv weight).
It was found that the de~e1;~~rnenral time to adults of C. macuhta on R. maidis was 23.9 0.1 davs; on corn pollen, 26 
(vii) T o Cornpare the EPjects of S~n t h e t i c Diets, Pollens
, and R. maidis Larvae of C. maculata were fed several synthetic diets. The best diet for growth contained 40% by weight brewer's yeast powder (Mead Johnson of Canada, Belleville, Ontario). The other ingredients and their approximate percentage compositions were: sucrose, 55; cholesterol, 0.3; salt mixture (McCollum and Davis), 1.5; ribose nucleic acid, 1.5; wheat germ oil, 1.5; choline chloride, < 0.1; inositol chloride, < 0.1; and B vitamins.' Adults were fed a diet that contained 40% Difco Iiver and with the other ingredients the same as in the yeast diet. These diets were prepared by dehydrating an aqueous mixture of the ingredients and grinding the residue to a fine powder.
First-instar larvae from the same egg masses of C. mcrrlatn were divided into three equal groups each of 50 larvae. T h e first group was fed on the pollen of hemp, Cannabis satiua L., the second on the veast diet, and the third on corn pollen. Second generation larvae from the &me egg masses, the progeny of individuals reared on hemp pollen, were divided into three groups each wiih 10 larvae. The first group was fed the yeast diet, the second group was fed the liver diet, and the third group was fecl the pollen of birch, Bet~rla populifolia Marsh. Progeny of individuals reared on the yeast diet were divided into two groups each with 20 larvae. One group was fed R. m i d i s , and the other the yeast diet. Similarly propeny of individuals reared on corn pollen were divided into two groups of >O each. -One of these was reared on the yeast diet and the other on corn pollen. T h e total time of development and number that reached the adult stage nrere recorded for all groups (Table 111) .
In another test three generations of C. maculata larvae that were fed the yeast diet were compared to three generations that were fed R. maidis. Total developmental time and survival were the criteria used. A t least 60 larvae were started on each food in the first generation, 35 in the second, and 16 in the third.
The time of develo~ment in davs for each of three penerations of C. maculata reared on the yeast dier'and dry ~.'maidix (in parenthe&) was: first generation- 
Discussion
Dry powdered food may be used to further our knowledge of predator-prey relationship and perhaps increase the numbers of a predator when used in the field. I t allows a number of experiments to be done with the same batch of identical food material, and it permits control over the water consumption of the predator as the succulence of living prey is no longer a factor. Powdered food can be manipulated more easily than living prey, and may be used to determine the indices of relative food intake, relative growth, and food efficiency. These indices may be used as criteria for comparing the responses of various species to changes in food quality and quantity.
The percentages of the total developmental time spent in the first and second instars, in the third and fourth instars, and in the pupal stage for the species that were reared on A. pisum and R. maidis, with the pre-pupa included with the last larval stage for comparison with Balduf's (1935) data (in parenthesis), are: first and second instars, 32% (32%); third and fourth instars, 45% (42%); and pupa, 23 % (26%). Balduf's species were reared on different species of living aphids and under variable conditions of temperature. However, food quality unless very low, i.e. A. fabae for most species in this study, does not affect the relative duration of stages much, and Kaddou's (1960) data for Hippod m i a quinquesignata (Kirby) and Hodek's (1958) for Coccinella septempunctata L. show that temperature does not much affect the relative duration of stages.
In the present work the duration of the first-instar larva usually exceeded that of the second instar by about 36%. This is in agreement with Balduf's conclusion that the second instar is shorter than the first.
As all species accepted dry, ~o w d e r e d food, visual stimuli, such as prey movement, shape, size, color, and texture, are of little importance for the perception of food. This is supported by C. maculata's ability to develop normally in darkness. Banks (1957) , Dixon (1958), and Fleschner (1950) , working with different species, reported that coccinellid larvae perceive their prey only by physical contact. This may be the reason why many species are unable to survive at low prey densities. T o increase survival in the field under these circumstances it would be necessary to use large quantities of a powdered food supplement, and distribute it widely over the area searched by larvae.
T h e species that were successfully reared on dry foods did not belong to one taxonomic group or even to closely related groups. The most primitive and widely distributed tribe contained species that were reared, i.e. A. mali and A. bipunctata, and those that could not be reared, i.e. Coccinella spp. The species of Hippodamia and Coleomegilla responded as well as A. mali, though they belong to taxonomicallv more advanced tribes, the Hippodamini and Anisostictini respectively. Of ;he primitive species studies A. mali is the most generalized feeder and of the more advanced species C . maculata and H. tredecimpunctata are the most generalized feeders and would probably respond to dry supplemental foods in the field.
